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Abstrac t 
T h l s  paper  t e l l s  us where we a r e  i n  t h e  com- 
m e r c i a l  development o f  f u e l  c e l l s ,  where we are 
headed, and, i n  t h e  a u t h o r ' s  o p i n i o n ,  how and when 
we a r e  go ing  t o  g e t  t h e r e .  The paper focuses p r i -  
m a r i l y  on t h e  s t a t u s  o f  t h e  development o f  comner- 
c i a 1  Phosphor ic  A c i d  Fuel  C e l l  (PAFC) powerp lant  
systems because t h e  PAFC, which has undergone 
e x t e n s i v e  development ( b o t h  i n  and o u t s i d e  the 
U.S.A.), I s  c u r r e n t l y  t h e  c l o s e s t  f u e l  c e l l  s y s t e m  
t o  c o m n e r c i a l i z a t i o n .  S h o r t e r  d i s c u s s i o n s  are 
I n c l u d e d  on t h e  h i g h  temperature f u e l  c e l l  systems 
which a r e  n o t  as mature i n  t h e i r  development ( t h e  
Mol ten  Carbonate Fuel C e l l  (HCFC) and t h e  So l i d  
Oxide Fue l  C e l l  (SOFC)). The a l k a l i n e  and the 
S o l i d  Polymer E l e c t r o l y t e  (SPE) f u e l  c e l l  systems, 
a r e  a l s o  i n c l u d e d ,  b u t  t he  d i s c u s s i o n s  a r e  l i m i t e d  
t o  t h e i r  p rospec ts  f o r  comnerc ia l  development. 
Currently, a l t h o u g h  t h e  a l k a l i n e  f u e l  c e l l  con- 
t i n u e s  t o  be used f o r  i m p o r t a n t  space a p p l i c a t i o n s  
t h e r e  a r e  no comnerc la l  development programs of 
s i g n i f i c a n t  s i z e  I n  t h e  U.S.A. and o n l y  smal l  
e f f o r t s  o u t s i d e  t h e  USA. The s t o r y  f o r  the SPE 
comnerc ia l  development I s  v e r y  s i m i l a r .  
The bot tom l i n e  o f  a c o m n e r c i a l i z a t l o n  e f f o r t  
i s  " w i l l  i t  s e l l ? "  The r e s u l t s  o f  t h e  f i r s t  phase 
o f  t h e  new j o i n t  v e n t u r e  between U n i t e d  Technolo- 
g i e s  C o r p o r a t i o n  (UTC)  o f  t h e  U.S.A. and Toshiba o f  
Japan ( c a l l e d  I n t e r n a t i o n a l  Fuel  C e l l s  Corpora t ion ,  
IFC) shou ld  t e l l  us a g r e a t  dea l  by t h e  e a r l y  
1990s. I n  o t h e r  words, t h e  e l e c t r i c  u t i l i t i e s '  
response t o  t h e  IFC 11 mW PAFC powerp lan t  ( t o  be 
bought and e v a l u a t e d  by a number o f  u t i l i t y  con- 
s o r t i a )  w i l l  r e v e a l  what t h e  PAFC powerp lan t  r e a l l y  
means t o  them. F u r t h e r ,  t h e  success o r  f a i l u r e  o f  
t h i s  PAFC venture  w i l l  g r e a t l y  impact t h e  comner- 
c i a l i z a t i o n  o f  f u e l  c e l l  powerp lants  o f  glJ types. 
There fore ,  a l t h o u g h  s i z a b l e  techno logy  development 
e f f o r t s  (wh ich  a r e  d e s c r i b e d  t n  t h i s  paper )  are 
s t i l l  go ing  on i n  t h e  PAFC programs, t h e  most 
i m p o r t a n t  PAFC a c t i v i t y  I s  t h e  upcoming e v a l u a t i o n  
by many u t i l i t i e s  o f  t h e  I F C  11 mW PAFC powerplant.  
Fur thennore.  t h i s  i n 1  t l a l  market  acceptance phase 
I s  as c r u c i a l  f o r  t he  Westlnghouse E l e c t r i c  
C o r p o r a t i o n  PAFC comnerc ia l  development as I t  i s  
f o r  t h e  I F C  PAFC comnerc ia l  development. 
The marke tp lace  f o r  f u e l  c e l l s  ( u t i l i t y  
mul t imegawat t  and m u l t i k i l o w a t t  ( I n c l u d i n g  congen- 
e r a t i o n ) ;  o n - s i t e / l n t e g r a t e d  energy system m u l t i -  
k i l o w a t t ;  t r a c t i o n  and t r a n s p o r t a t i o n ;  and o ther  
a p p l i c a t i o n s )  and the  s t a t u s  o f  f u e l  c e l l  programs 
i n  the  U.S.A.  r e c e i v e  e x t e n s i v e  t r e a t m e n t .  The 
f u e l  c e l l  e f f o r t s  o u t s i d e  t h e  USA, e s p e c i a l l y  the  
l a r g e  Japanese programs, a r e  a l s o  d iscussed.  
I n t  roduc t 1 on 
Fue l  c e l l s  ach ieved a very  i m p o r t a n t  mi les tone 
i n  A p r i l  1985 when a j o i n t  ven ture  was e s t a b l i s h e d  
i n  t h e  U.S.A. t o  c o m n e r c l a l t z e  Phosphoric A c i d  Fuel  
C e l l  (PAFC) powerp lan ts .  U n i t e d  Technologies 
C o r p o r a t i o n  (UTC) o f  t h e  U.S.A. and Toshiba Corpor- 
a t i o n  o f  Japan formed a f u e l  c e l l  j o i n t  venture 
c a l l e d  I n t e r n a t i o n a l  Fue l  C e l l s  C o r p o r a t i o n  ( I F C ) .  
I n i t i a l l y ,  I F C  has I n i t i a t e d  an o f f e r  o f  11 nu PAFC 
powerp lan ts  t o  t h e  e l e c t r l c  u t l l l t y  I n d u s t r y  based 
on c u r r e n t  UTC techno logy .  The success o r  f a i l u r e  
o f  t h i s  PAFC v e n t u r e  w i l l  g r e a t l y  Impact  t h e  com- 
m e r c i a l i z a t i o n  o f  f u e l  c e l l  powerp lan ts  o f  &lJ 
t y p e s ,  t h e  near - te rm l o w  tempera ture  powerp lan ts  
(PAFC,  i n  p a r t i c u l a r )  as w e l l  as t h e  h i g h  tempera- 
t u r e  f u e l  c e l l  powerp lan t  types, 1.e.. m o l t e n  c a r -  
bonate (MCFC) and s o l i d  o x i d e  (SOFC), wh ich  a r e  
f u r t h e r  behind I n  t h e i r  development. I n  o t h e r  
words, market  acceptance I s  f a s t  becoming t h e  key 
t o  t h e  c o m n e r c i a l i z a t l o n  o f  f u e l  c e l l s .  Th ls  f i r s t  
m a j o r  f u e l  c e l l  ven ture  w i l l  have a g r e a t  impact  
uDon t h i s  . 
The Marke tp lace  f o r  PAFC 
M u l t i m e q a w a t t / E l e c t r I c  U t i l i t y  
For the  l a s t  decade o r  so,  i t  has been c l e a r  
t h a t  t he  i n i t i a l  market  f o r  t e r r e s t r i a l  PAFC power- 
p l a n t s  would be I n  t h e  e l e c t r l c  u t i l i t y  area. 
A l though the  UTC 4 . 5  mW powerp lan t  demonst ra t ion  
a t  a Conso l ida ted  Edlson (Con Ed) New York C i t y  
s l t e  was a p p a r e n t l y  premature ( b e s e t  by many prob-  
lems, I t  never  produced any power), I b e l i e v e  t h a t  
i t  i s  f a i r  t o  say t h a t  t h e  alms o f  t h a t  f i r s t  
mu l t imegawat t  demonst ra t lon  o f  a f u e l  c e l l  pouer-  
p l a n t  were sound. It i s  n o t  enough t o  t h o r o u g h l y  
d iscuss  t h e  b e n e f i t s  o f  f u e l  c e l l  powerp lan ts  wi th  
e l e c t r i c  u t i l i t y  peop le  and t o  conduct  systems 
s t u d i e s  which p o i n t  o u t  numerous advantages o f  f u e l  
c e l l s  o v e r  compet ing energy c o n v e r s i o n  t e c h n o l o -  
g i e s .  These s teps  a r e  necessary t o  a t t r a c t  the 
i n t e r e s t  o f  p o t e n t i a l  buyers,  b u t  n o t  s u f f i c i e n t  
t o  g e t  t h e  u t i l i t i e s  t o  buy a new g e n e r a t l n g  t e c h -  
no logy .  The p o t e n t i a l  u t i l i t y  customers r e q u i r e  
hands-on exper ience w i t h  t h e  f u e l  c e l l  powerp lan t  
t o  t r a n s f o r m  an a p p e a l i n g  new concept  I n t o  r e a l i t y  
f o r  them. For  example, demonst ra t ing  t h e  I m p o r t a n t  
s i t i n g  b e n e f i t s  o f  t h e  f u e l  c e l l  t o  urban u t i l i t i e s  
was a key f e a t u r e  o f  t h e  Con Ed PAFC demonst ra t ion  
i n  New York C i t y .  
I n  a d d i t i o n  t o  p r o v i d i n g  v i t a l  i n f o r m a t i o n  t o  
p o t e n t i a l  buyers,  a demonst ra t ion  a t  a user  s i t e  
a l s o  p r o v i d e s  very  h e l p f u l  I n f o r m a t i o n  t o  t h e  f u e l  
c e l l  manufac turer  on d e f i c i e n c i e s  I n  h is  p r o d u c t .  
Such was the  case I n  New York C i t y  - even though 
the  whole powerp lan t  never  opera ted  - and I n  Tokyo 
where the  TEPCO 4.5 mW u n i t ,  w i t h  i t s  improved 
s t a c k ,  opera ted  reasonab ly  w e l l .  
exper ience t o  develop t h e  market  demand i s  t h e  
e f f o r t ,  spearheaded by t h e  E l e c t r i c  Power Research 
I n s t i t u t e  ( E P R I ) .  f o r  e l e c t r i c  u t i l i t y  c o n s o r t l a  
t o  purchase and t e s t  t h e  e a r l y  c o m r c l a l  p r o t o -  
t y p e s  o f  t h e  I F C  11 rrW PAFC powerp lan ts ,  ( d e s l g -  
na ted  the  PC-23 by I F C ) .  Cur ren t  I n d i c a t i o n s  a r e  
t h a t  t h r e e  e l e c t r i c  u t i l i t y  c o n s o r t i a  i n  t h e  U.S.A. 
w i l l  each purchase a PC-23 powerp lan t  and t h a t  two 
PC-23 11 mW powerp lan ts  w i l l  a l s o  be s o l d  I n  Japan. 
The I n t e n t  o f  t h i s  program i s  t o  p r o v i d e  u t i l i t i e s  
w i t h  ev idence o f  f u e l  c e l l  v i a b i l i t y .  which w i l l  
C o n s i s t e n t  w i t h  t h e  p h i l o s o p h y  o f  hands-on 
1 
enable I F C  t o  mike t h e  t r a n s i t i o n  t o  a bona f i d e  
s u p p i l e r  of  r e l ! a b l r ?  and economical f u e l  c e l l  gen- 
12ratlng z.rlul[Jincrlt. The program addresses a number 
o f  c h a r s r t o r l : t l c :  which should p rove t o  be impor-  
t a n t  b o t h  t o  t t ic! u t l l i t l e s  and t o  t h e  manufac turer :  
( I)  The i n i t i a l  powerp lants  w i l l  have t h e  charac-  
t e r i s t i c s  o f  t h e  p r o d u c t i o n  u n i t s  t o  f o l l o w .  
( 2 )  The number of I n i t i a l  powerp lan ts  w i l l  be s u f -  
f i c l e n t  t o  p r o v i d e  an o p p o r t u n i t y  f o r  a broad seg- 
ment o f  u t i l i t i e s  t o  eva lua te  f u e l  c e l l s  f i r s t - h a n d  
i n  o r d e r  t o  deve lop  t h e  market  f o r  f u t u r e  produc- 
t i o n  o r d e r s .  ( 3 )  Enough hardware w i l l  be produced 
t o  e s t a b l i s h  q u a l i t y  s tandards and document t h e  
p r o d u c t i o n  c o s t s .  ( 4 )  F i e l d  exper ience w i l l  be 
s u f f i c i e n t  t o  v e r i f y  t h e  p e r f o m n c e  and r e l i a b i l -  
i t y  o f  t h e  powerp lan ts  and i t s  components f o r  u t i l -  
i t i e s  and manufac turer .  ( 5 )  User feedback on any 
PC-23 d e f l c l e n c i e s  and on a n y  s p e c i a l  powerp lan t  
c h a r a c t e r l s t l c s  d e s l r e d  by t h e  u t i l i t i e s  w i l l  be 
v a l u a b l e  f o r  Improv ing  the  f u e l  c e l l  powerp lan t  
b o t h  I n  t h e  near  t e r m  and i n  t h e  f u t u r e .  
Wi th  d e l i v e r y  scheduled t o  s t a r t  I n  1990, t h l s  
sh-u ld  p o s i t i o n  t h e  PAFC powerp lan t  f o r  t h e  
expected r i s e  i n  e l e c t r i c  g e n e r a t i n g  c a p a c l t y  
demand I n  t h e  e a r l y  1990s. F o r  i n s t a n c e ,  t h e  E P R I -  
sponsored EHA s t u d y  ( 1 )  o f  t h e  a t t i t u d e s  o f  25 
u t i l l t i e s  toward t h e  p o t e n t i a l  r e a l i z a b l e  b e n e f i t s  
o f  f u e l  c e l l  powerp lants  on t h e i r  systems r e p o r t e d  
an expected r i s e  I n  demand f o r  PAFC f u e l  c e l l  
powerp lants  b e g i n n i n g  I n  t h e  1990-92 p e r l o d .  The 
r e p o r t  was prepared I n  coopera t ion  w i t h  t h e  Fuel  
C e l l  Users Group o f  t h e  E l e c t r i c  U t i l i t y  I n d u s t r y .  
T h i s  very  a c t i v e  u t i l l t y  group has l o n g  recogn ized 
t h e  b e n e f i t s  of t h e  f u e l  c e l l  powerp lan t  t o  more 
c l o s e l y  match load growth t h a n  c o n v e n t i o n a l  steam 
c y c l e  o r  n u c l e a r  systems, t h u s  r e d u c l n g  t h e  r i s k  
o f  w a s t e f u l  c a p i t a l  Investment  i n  unused c a p a c i t y .  
The f u e l  c e l l  c h a r a c t e r i s t i c s  t h a t  p r i n c i p a l l y  make 
t h i s  p o s s l b l e  a r e  ( 1 )  i t s  a b i l i t y  t o  be f a c t o r y -  
manufactured w i t h  s h o r t  l e a d  t imes,  ( 2 )  i t s  modu- 
l a r i t y ,  and ( 3 )  i t s  a v a i l a b i l i t y  i n  q u l t e  smal l  
s i z e s  w i t h  e s s e n t i a l l y  the  same c h a r a c t e r i s t i c s  as 
l a r g e r  s l z e s .  I n  a r e a l  sense, Westinghouse wh ich  
I s  deve lop ing  I t s  v e r s i o n  o f  a u t i l i t y  s i z e  PAFC 
powerp lan t ,  i s  a l s o  banklng on t h e  success o f  t h e  
u t i l i t y  market  acceptance phase o f  t h e  I F C  venture .  
A f a i l u r e  t o  i n t e r e s t  the  I m p o r t a n t  u t l l i t y  market  
would s p e l l  t r o u b l e  f o r  a l l  p o t e n t i a l  f u e l  c e l l  
manufacturers ,  n o t  j u s t  f o r  I F C .  I n  a d d i t i o n .  
Westinghouse can shor ten t h e  t i m e  p e r i o d  i t  I s  
beh ind  I F C  by c a p l t a l i z l n g  on some o f  t h e  t r a l l -  
b l a z i n g  by I F C ,  such as t h e  u t i l i t y  market  accept-  
ance phase. C u r r e n t l y ,  Westinghouse p l a n s  t o  t e s t  
a 1.5 mH p i l o t  powerp lant  p r i o r  t o  t e s t l n g  i t s  
f u l l - s i z e  7 . 5  mW PAFC p r o t o t y p e  powerp lan t  a t  a 
h o s t  u t i l i t y .  Imned ia te ly  f o l l o w l n g  t h l s ,  Westing- 
house p l a n s  t o  be I n  a p o s i t i o n  t o  meet t h e  u t i l l t y  
f u e l  c e l l  market  I n  c o m p e t i t i o n  w l t h  I F C .  
Spearheaded by a s t rong Congress ional  i n t e r -  
e s t ,  t h e  U . S .  Department o f  Energy ( D O E )  has 
c a r r i e d  o u t  developnent  p lans  f o r  Coal G a s i f i e r  
(CG) Fuel C e l l  Power P lan ts ,  i n c l u d i n g  t h e  use o f  
t h e  P A F C .  One a t t r a c t i v e  f e a t u r e  o f  t h e  PAFC-based 
powerp lant  system Is t h a t  i t  does n o t  r e q u l r e  a 
huge GC/PAFC powerp lant  system t o  genera te  e l e c -  
t r i c i t y .  However, under t h e  c u r r e n t  c l l m a t e  o f  
ready a v a l l a b i l l t y  o f  n a t u r a l  gas and o i l ,  t h e  
l a t t e r  a t  depressed p r i c e s .  It I s  u n l i k e l y  t h a t  
GC/PAFC powerp lan ts  w l l l  be b u i l t  o t h e r  t h a n  f o r  
demonst ra t lon  purposes I n  t h e  near  f u t u r e .  
M u l t i k l l o w a t t / O n - s i t e  I n t e q r a t e d  Enerqy 
t h a t  t h e  types  o f  f u e l  c e l l  systems making t h e  most 
e f f i c i e n t  use of  t h e  f u e l  ( t h r o u g h  waste-heat  u t i l -  
i z a t i o n )  a r e  n o t  t h e  l e a d i n g  cand lda tes  f o r  comner- 
c l a l  development o f  t h e  PAFC.  This a t t i t u d e  was 
e s p e c i a l l y  t r u e  d u r i n g  t h e  p e r i o d  o f  g r e a t  concern 
Over t h e  a v a i l a b i l i t y  o f  o i l .  d r i v e n  up I n  p r i c e  
by t h e  t h e n  v e r y  p o w e r f u l  OPEC 011 c a r t e l .  
l a r  concern o v e r  n a t u r a l  gas e x i s t e d  f o r  q u i t e  a 
few years .  B u t  f o r  p o t e n t i a l  f u e l  c e l l  customers, 
f u e l  e f f i c i e n c y  o f  t h e  f u e l  c e l l  was o n l y  one o f  
t h e  a t t r a c t i o n s ,  b u t  n o t  t h e  t o p  one. 
As  d iscussed I n  t h e  p r e v i o u s  s e c t i o n ,  f o r  most 
of t h e  e l e c t r i c  u t i l i t y  I n d u s t r y ,  s i t l n g  and t h e  
a b l l i t y  o f  t h e  f u e l  c e l l  t o  c l o s e l y  match l o a d  
growth  a r e  more I m p o r t a n t  a t t r a c t i o n s  t h a n  i s  f u e l  
e f f i c i e n c y .  
However, as most know, I t was t h e  gas u t i l i t y  
i n d u s t r y  t h a t  i n i t i a t e d ,  a t  UTC, t h e  development 
o f  smal l -s ized  PAFC o n - s i t e  powerp lan ts  In tended 
f o r  t h e  comnerc ia l  market ,  f i r s t  s t r i c t l y  as e l e c -  
t r i c a l  g e n e r a t o r s  (TARGET Program), and t h e n  
t o g e t h e r  w i t h  DOE as o n - s i t e  PAFC powerp lan ts  w i t h  
p r o v i s i o n s  f o r  waste heat  recovery .  (The t o t a l l y  
i n t e g r a t e d  system which Engelhard C o r p o r a t i o n  has 
been p u r s u i n g  was dubbed t h e  O n - S i t e / I n t e g r a t e d  
System (OS/IES) by NASA Lewis Research Center ,  t h e  
managers o f  t h e  DOE PAFC Program). The $34M.  
3-1/2 y e a r s ,  40  kW F i e l d  Tes t  Program, sponsored by  
G R I  (Gas Research I n s t l t u t e )  and DOE and managed 
by  NASA Lewis, can be regarded a success. Approx i -  
m a t e l y  50 powerp lan ts  were manufactured and f i e l d -  
t e s t e d  a t  a v a r i e t y  o f  s l t e s  t h r o u g h o u t  t h e  U n i t e d  
S t a t e s  and Japan. Four were a t  m i l i t a r y  s i t e s  
under  DOD sponsorship.  The 13-month t e s t  p e r i o d  
i s  complete f o r  a l l  o f  t h e  p a r t i c i p a n t s .  Two 
powerp lan ts  a r e  s t i l l  o p e r a t i n g  a t  m i l i t a r y  bases. 
I n  g e n e r a l ,  t h e  powerp lan ts  per formed w e l l .  The 
f u e l  p r o c e s s o r  and f u e l  c e l l  s t a c k  per formed as 
t h e y  were supposed t o .  The b a s i c  d e s l g n  o f  t h e  
power c o n d l t l o n e r  was v e r i f i e d ;  however, power con- 
d l t i o n e r  problems were encountered i n  t h e  c o n t r o l  
c a r d  area .  
I t  i s  s u r p r i s i n g  t o  many f u e l  c e l l  on lookers  
A s i m l -  
C o r r e c t i o n  o f  i d e n t i f l e d  d e s i g n  d e f l c l e n c i e s ,  
m o s t l y  I n  t h e  c o n t r o l  cards  and w a t e r  t r e a t m e n t  
subsystem, w i l l  make I t  p o s s i b l e  t o  i n c r e a s e  con- 
s i d e r a b l y  t h e  average powerp lan t  a v a i l a b l l l t y  f r o m  
t h e  r e s p e c t a b l e  63 p e r c e n t  o f  t h e  f l e l d  t e s t .  
Regard less o f  t h e  a b i l i t y  o f  IFC t o  c o r r e c t  t h e  
t e c h n i c a l  d e f i c i e n c i e s  of i t s  40 kW powerp lan t ,  i t  
i s  on r e c o r d  s t a t i n g  t h a t  i t  cannot  produce an 
economical 40 kW PAFC o n - s i t e  powerp lan t  a t  t h e  
annual p r o d u c t i o n  r a t e s  t h e  e a r l y  market  Is l i k e l y  
t o  s u p p o r t .  I t s  200 kW Technology Development 
Program, sponsored by GRI and by  DOE, i s  aimed a t  
d e v e l o p i n g  advanced lower  c o s t  techno logy  t h a t  will 
be o f f e r e d  I n  a PAFC powerp lan t  s l g n i f f c a n t l y  
l a r g e r  t h a n  40 kW t o  a l s o  t a k e  advantage o f  economy 
o f  s c a l e .  I F C  s t r a t e g y  1 s  t o  b u i l d  up a demand b y  
i n l t i a l l y  o f f e r i n g  t h e  more economical m u l t i k i l o -  
w a t t  s l z e d  PAFC o n - s i t e  powerp lan t .  W i t h  s u f f i -  
c i e n t  demand It can l a t e r  o f f e r  b o t h  s m a l l e r  and 
l a r g e r  s i z e s ,  a t  c o m p e t i t i v e  p r i c e s .  I t  remains 
t o  be seen whether  t h e  p r i c e  i n  t h e  initial IFC 
o f f e r  t o  t h e  gas u t i l i t i e s  (under  G R I  C o n t r a c t )  
w i l l  be low enough t o  a t t r a c t  enough buyers t o  
prompt I F C  t o  e n t e r  t h e  PAFC o n - s i t e  bus iness a t  
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t h e  same t i m e  t h e y  a r e  produc ing  t h e  11 mW power- 
p l a n t s  f o r  t h e i r  e l e c t r f c  u t i l i t y  PC-23 j o i n t  ven- 
t u r e .  Enge lhard 's  apparent  s t r a t e g y  t o  market PAFC 
powerp lants  c o u l d  be cons idered t o  be t h e  r e v e r s e  
of  IFCs, i , e . ,  t h e y  a r e  p l a n n l n g  t o  s t a r t  marke t ing  
t h e  s m a l l e s t  s i z e s  ( 5  t o  10  kW I n  t h e i r  case) and 
t h e n  f o l l o w  w i t h  l a r g e r  s izes ,  whereas IFC I s  p l a n -  
n l n g  t o  do t h e  reverse .  I n  r e a l i t y ,  b o t h  s t r a t e -  
g i e s  a r e  fundamenta l l y  t h e  same. 
C o r p o r a t i o n  (U.S.A.) has e s t a b l i s h e d  a j o l n t  ven- 
t u r e  w i t h  F u j i  E l e c t r l c  (Japan) t o  produce PAFC 
f o r k - 1  i f  t t r u c k s ,  t h e r e b y  c o m n e r c i a l l z l n g  f u e l  
c e l l s  where t h e y  f e e l  t h e y  have a marke t  f o r  t h e i r  
PAFC techno logy .  They would t h e n  b u i l d  on t h e  
acceptance o f  f u e l  c e l l s  by  i n d u s t r y  and on t h e i r  
new comnerc la l  f u e l  c e l l  bus iness t o  move I n t o  new 
c o m e r c i a 1  markets  f o r  t h e i r  PAFC system, i n  p a r -  
t i c u l a r  t h e  OS/IfS a p p l i c a t i o n s ,  wh ich  r e q u i r e  
25 kW powerp lants  and l a r g e r .  
Engelhard 
n e e r i n g  and des ign ,  endurance t e s t i n g ,  and manufac- 
t u r i n g  methods development. I n  c o o r d i n a t i o n  w l t h  
t h e  DOE-funded e f f o r t  I s  t h e  EPRI-funded develop-  
ment o f  a n a t u r a l  gas re fo rmer ,  w h i c h  I s  b e l n g  
s u c c e s s f u l l y  c a r r i e d  o u t  by  H a l d o r  Topsoe, and a 
Westinghouse development o f  a power c o n d l t l o n e r .  
F i n a l l y ,  b o t h  IFC and Westinghouse a r e  c o u r t -  
i n g  t h e  e l e c t r i c  u t i l l t l e s  and EPRI f o r  a d d l t l o n a l  
s u p p o r t  f o r  t h e i r  r e s p e c t i v e  PAFC e l e c t r i c  u t i l i t y  
programs. The f i r m  u t i l l t i e s  comnitment t o  p a r t i -  
c i p a t e ,  as c o n s o r t i a ,  I n  t h e  f i e l d - t e s t i n g  o f  I F C  
11 mW powerp lants  i s  scheduled f o r  t h e  sumner o f  
1987. The E P R I  comnitment t o  p r o v i d e  s u b s t a n t i a l  
subs idy  t o  t h e  u t i l l t l e s  f o r  t h i s  c r u c i a l  f i r s t  
phase o f  I F C  c o m n e r c i a l l z a t l o n  has been made. 
Westinghouse I s  i n  t h e  process of  l i n i n g  up e l e c -  
t r i c  u t i l i t y  s u p p o r t  f o r  t h e  t e s t  o f  t h e l r  1.5 mH 
p i l o t  powerp lant  t e s t  as w e l l  as f o r  t h e  7.5 nU 
Dowerplant t h a t  f o l l o w s .  
Other  A p p l i c a t i o n s  
H u l t i k i l o w a t t / O n - s i t e  I n t e g r a t e d  Enerqy 
The I n t e r e s t  i n  t h e  p o t e n t i a l  o f  low tempera- 
t u r e  f u e l  c e l l s  (PAFC. a l k a l i n e ,  S o l i d  Polymer 
E l e c t r o l y t e  (SPE), and even t h e  comnonly c a l l e d  
a l t e r n a t e  a c i d  e l e c t r o l y t e s ,  e.g., f l u o r i n a t e d  s u l -  
f o n i c  a c i d s )  f o r  t r a n s p o r t a t i o n  a p p l i c a t i o n s  by  DOE 
has been longs tand ing .  The Los Alamos N a t i o n a l  
Labora tory  has been a c t i v e l y  I n v e s t l g a t l n g  t h e  pos- 
s i b l e  a p p l l c a t l o n  o f  f u e l  c e l l s  f o r  automobi les,  
busses, t r u c k s ,  r a i l r o a d s .  and s h i p s  f o r  over a 
decade. F o r  t h e  passenger c a r ,  t h e  b a r r i e r s  o f  
h i g h  f u e l  c e l l  system c o s t  and l a r g e  I n s t a l l a t l o n  
volume have t h u s  f a r  n o t  been overcome. 
The much-talked-about a p p l i c a t i o n  of f u e l  
c e l l s  t o  I n d u s t r i a l  processes has never  r e a l l y  been 
r e a l i z e d  because o f  t h e  apparent  d i s i n t e r e s t  o f  
I n d u s t r y .  There were no I n d u s t r i a l  companies o r  
users  groups, as t h e r e  a r e  r e p r e s e n t l n g  t h e  u t l l l t y  
I n d u s t r i e s ,  t o  lead t h e  development o f  f u e l  c e l l s  
f o r  t h e  b e n e f i t  o f  any o f  t h e  v a s t  segments o f  
I n d u s t r y .  Perhaps t h i s  w i l l  soon change w l t h  t h e  
r e c e n t  f o r m a t i o n  i n  t h e  U.S.A. o f  t h e  I n d u s t r i a l  
Fuel  C e l l  A s s o c i a t i o n .  
S t a t u s  o f  PAFC Proqrams 
Mu1 t imeqawatt/E 1 e c t  r i  c Ut1  11 t y  
work ( p r i n c i p a l l y  a t  Toshiba and IFC) and comner- 
c l a l i z a t l o n  a c t l v l t l e s  t o  g e t  t h e i r  11 mW PC-23 
ready f o r  s a l e .  They have r e t a i n e d  t h e  Bechte l  
Company as t h e i r  A r c h i t e c t  and Eng ineer ing  company. 
A t  t h e  same t ime,  DOE and E P R I  a r e  sponsor ing t e c h -  
no logy  development work i n  suppor t  o f  t h e  PC-23 
c h i e f l y  I n  t h e  c e l l  and s t a c k ,  t h e  re fo rmer ,  and 
t h e  I n v e r t e r  a reas .  Over t h e  l a s t  decade, NASA 
Lewis has managed t h e  DOE-sponsored work as w e l l  
as c o o r d i n a t e d  t h e  work w l t h  t h a t  sponsored by 
EPRI. The i m p o r t a n t  f i r s t  t e s t  o f  a f u l l  h e i g h t  
s t a c k  (700 kW) i s  scheduled t o  be completed 
(4500 h r  o f  o p e r a t i o n )  by November 1987. I n  a d d i -  
t i o n ,  a l i m i t e d  amount of DOE f u n d i n g  w i l l ,  f o r  a 
few years ,  c a r r y  t h e  techno logy  somewhat beyond 
t h a t  o f  t h e  PC-23, p r i n c i p a l l y  I n  t h e  c e l l  s t r u c -  
t u r e  a rea .  The n e x t  m a j o r  m i l e s t o n e  t h e  Westing- 
house DOE/NASA PAFC P r o j e c t  must ach ieve  before i t  
can conduct  i t s  1.5 mw p i l o t  powerp lan t  t e s t  i s  t o  
v e r i f y ,  i n  1989, I t s  375 kW s t a c k  module. I n  p a r -  
a l l e l  w l t h  t h e  work necessary t o  ach ieve  these 
m i l e s t o n e s  i s  a v e r y  heavy schedule o f  m a t e r i a l s  
and components technology,  s t a c k  and module e n g i -  
I n t e r n a t i o n a l  Fuel  C e l l s  i s  s u p p o r t i n g  des ign  
The I F C  o n - s i t e  techno logy  e f f o r t  I s  t o  c u l -  
m ina te  under NASA C o n t r a c t  DEN3-289 i n  an a p p r o x i -  
m a t e l y  9-month v e r i f i c a t i o n  t e s t  ( e n d i n g  e a r l y  
1988) of  t h e  200 kW powerp lan t  system. Except  f o r  
t h e  advanced power c o n d i t i o n e r ,  which w l l l  n o t  be 
i n c l u d e d  i n  t h e  v e r i f i c a t i o n  t e s t ,  i t  w i l l  p r o v i d e  
a mean lng fu l  t e s t  I n  an i n t e g r a t e d  powerp lan t  mode 
o f  a l l  o f  t h e  c o m n e r c i a l i z a b l e  components and sub- 
systems developed under  t h e  c o n t r a c t ,  as w e l l  as 
t h e  water  t r e a t m e n t  system developed under  t h e  com- 
pan lon  GRI c o n t r a c t .  I n  a d d i t i o n  t o  f i n a l  v e r i f i -  
c a t i o n  of  t h e  techno logy  improvements, developed 
under t h e  c o s t  r e d u c t i o n  t e c h n o l o g y  development 
e f f o r t ,  t h e  NASA c o n t r a c t  w i l l  p r o v i d e  I F C  and t h e  
sponsors w l t h  v e r y  v a l u a b l e  I F C  s t a c k  c o s t - t r a c k i n g  
i n f o r m a t i o n .  The m a r k e t i n g  and c o m n e r c i a l l z a t l o n  
e f f o r t s  f o r  t h e  I F C  PAFC o n - s i t e  powerp lan t ,  
(dubbed PC-25 by  I F C ) ,  a r e  i n t e n s i f y i n g  i n  t h e  
p r i v a t e  s e c t o r .  I n c l u d e d  i n  t h e s e  a c t i v i t i e s  a r e  
d i s c u s s l o n s  on t h e  a d d l t l o n a l  techno logy  needed t o  
make t h e  PC-25 more a t t r a c t i v e  t o  p o t e n t l a l  cus- 
tomers v i a  l o w e r  c o s t  and o t h e r  f e a t u r e s .  
The Engelhard OS/IES techno logy  development 
e f f o r t ,  suppor ted by  NASA C o n t r a c t  DEN3-241, I s  
a l s o  scheduled t o  be completed i n  1988 w l t h  a 25 kW 
PAFC o n - s l t e  powerp lan t  system t e s t .  I n  t h i s  case, 
t h e  f u e l  p rocessor  and power c o n d i t i o n e r  r e q u i r e d  
f o r  t h e  t e s t  a r e  b e i n g  developed w i t h  nongovernment 
funds under t h e  d i r e c t i o n  of  Engelhard.  As I n  t h e  
case o f  t h e  I F C  PC-25 o n - s t t e  powerp lan t ,  comner- 
c i a l i z a t i o n  a c t i v i t i e s  w i l l  l n t e n s l f y  and r e s i d e  
I n  t h e  p r i v a t e  s e c t o r .  I n  t h e  p a s t ,  Engelhard had 
s t a t e d  t h a t ,  f o l l o w i n g  t h e  PAFC o n - s i t e  powerp lan t  
t e s t ,  I t  p lanned t o  t e s t  a complete OS/IES. (1.e.. 
a PAFC on-s i te  powerp lan t  t o g e t h e r  w i t h  HVAC equ lp-  
ment t o  f u l l y  u t i l i z e  t h e  waste h e a t )  a t  a u s e r  
s i t e .  
S ta tus  o f  High Temperature Fuel  C e l l  Prosrams 
For  a p p r o x i m a t e l y  t h e  decade a f t e r  t h e  estab-  
l i s h m e n t  o f  DOE (as ERDA o r i g l n a l l y )  wh ich  brought  
about  t h e  sharp r i s e  i n  f u n d i n g  ( b o t h  government 
and nongovernment) o f  f u e l  c e l l  development fo r  
t e r r e s t r i a l  a p p l i c a t i o n s ,  t h e  HCFC and t h e  SOFC 
h i g h  temperature systems were l a b e l e d  as t h e  second 
and t h i r d  g e n e r a t i o n  systems, r e s p e c t i v e l y .  (The 
low temperature PAFC was regarded as t h e  f l r s t  gen- 
e r a t i o n  system.) T h i s  t y p e  o f  l a b e l  suggests  t h a t  
a c o n s i d e r a b l e  advantage I s  fo reseen I n  t h e  n e x t  
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q e n e r a t l o n  system. b u t  t h a t  c o n s i d e r a b l e  develop-  
ment w i l l  be  r e q u i r e d  be fore  success fu l  c o m e r c l a l -  
i z a t i o n  i s  achieved.  For t h e  case o f  t h e  HCFC, I t  
i s  s t i l l  b e l i e v e d  t h a t  I t s  development I s  5 t o  
10 years behind t h a t  of PAFC systems. However, 
approx imate ly  2 t o  3 years ago, Westinghouse 
depar ted f r o m  t h e  p r e v a l l l n g  wisdom and s t a t e d  tha t  
i t  f e l t  t h a t  t h e  SOFC would be o f  broad va lue  t o  
t h e  U.S. economy 10 t o  15 years  e a r l i e r  t h a n  was 
p r e v i o u s l y  b e l i e v e d .  Furthermore, Westinghouse, 
t h e  o n l y  U S .  manufac turer  p u r s u i n g  t h e  comnerc ia l  
p r o d u c t i o n  o f  SOFCs, p r e d i c t e d  t h a t  c o m p e t i t i v e  
c o m e r c i a 1  o f f e r i n g s  can be made i n  t h e  e a r l y  
1990 's .  
However, i n  s p i t e  o f  t h e  t e c h n i c a l  accompl lsh-  
ments i n  SOFCs i n  r e c e n t  years and t h e  inc reased 
suppor t  o f  SOFC systems by b o t h  government and non- 
government sponsors, t h e r e  remains t o o  much t o  be 
done t e c h n i c a l l y  and p r o g r a m n a t l c a l l y  t o  ach ieve  
so l a r g e  a leap fo rward  i n  t h e  SOFC c o m n e r c i a l i z a -  
t l o n  schedule.  That i s .  even i f  a l l  t h e  t e c h n i c a l ,  
c o s t  ( i n c l u d i n g  manufac tur ing)  and des ign  ques t ions  
were a p p a r e n t l y  s e t t l e d ,  system scaleup and v e r i f i -  
c a t i o n  ( i n c l u d i n g  endurance) would be ' t o o  l e n g t h y  
and expensive f o r  t h e  SOFC system t o  ach ieve  s i g -  
n i f i c a n t  market p e n e t r a t i o n  by t h e  e a r l y  1990 's .  
Never the less ,  t h e  progress over  t h e  l a s t  f e w  
years i n  t h e  development o f  t h e  SOFC system has 
enabled I t  t o  beg in  t o  cha l lenge t h e  MCFC system 
as the second g e n e r a t i o n  system. For  example, ( 1 )  
a s e r i e s  o f  t e c h n i c a l  accomplishments have l e d  t o  
Improved m a t e r i a l s  and process ing  t h a t  have 
r e s u l t e d  i n  s t a b l e  c e l l  performance a t  h i g h  power 
d e n s i t y .  ( 2 )  Westinghouse has b u i l t  and begun 
t e s t i n g  o f  t h e i r  f i r s t  5 kW g e n e r a t o r .  ( 3 )  The DOE 
and Westinghouse have increased t h e i r  spending f o r  
SOFC ( f r o m  $2H t o  $5M from '84  t o  ' 8 7  by  DOE). ( 4 )  
G R I  has r e c e n t l y  s t a r t e d  t o  I n j e c t  s i g n i f i c a n t  
development funds f o r  SOFC, e .g .  $2.6H f o r  a 21 
month c o n t r a c t  w i t h  Westinghouse. ( 5 )  The Argonne 
N a t i o n a l  Labora tory  SOFC M o n o l i t h  concept ,  which 
i t  i s  p u r s u i n g  f o r  space a p p l i c a t i o n s  ( f o r  D O D ) ,  
should b e n e f i t  t h e  development o f  SOFCs f o r  t e r r e s -  
t r i a l  a p p l i c a t i o n s .  
I t  i s  p r e d i c t e d  t h a t  w h i l e  t h e  i n c r e a s e  I n  
SOFC RLD a c t i v i t y  w i l l  lead t o  g r e a t e r  advances i t  
w i l l  a l s o  lead t o  a g r e a t e r  exposure o f  problems.  
For  example, I n  s p i t e  o f  the  v e r y  c o n s i d e r a b l e  
de lays i n  t h e  P A F C  t e r r e s t r i a l  development programs 
t h e  development o f  t h e  HCFC system I s  s t i l l  5 t o  
10 years behind t h a t  o f  P A F C .  The per formance o f  
t h e  HCFC Improved p a r t l y  f rom t h e  development o f  
t h e  t h i n n e r  tape c a s t  e l e c t r o l y t e  (compared t o  t h e  
pressed t i l e )  and p a r t l y  f rom an increase I n  c e l l  
p ressure .  Pres sur1 z a t  1 on, however, adverse 1 y 
a f f e c t e d  t h e  long- te rm s t a b i l i t y  o f  t h e  N10 c a t h -  
ode. Another  example I s  t h a t  t h e  i n t r o d u c t i o n  O F  
t h e  f i n e - p o r e  e l e c t r o d e s  brought  w i t h  i t  t h e  s i n -  
t e r i n g  and creep problems o f  t h e  anode. A l though,  
over  t h e  years,  many advances have been achieved 
i n  the  des ign  and f a b r i c a t i o n  o f  MCFC s tacks  ( b y  
I F C  and by Energy Research C o r p o r a t i o n ,  E R C )  M C F C  
s tack  l i f e  i s  s t i l l  below 10 000 h r .  
I n  summary, t h e  p o t e n t i a l  o f  h i g h  tempera ture  
f u e l  c e l l  systems f o r  t e r r e s t r i a l  a p p l i c a t i o n s  has 
been w i d e l y  acknowledged. The e f f i c i e n c i e s  o f  
these systems, e s p e c i a l l y  w i t h  t h e  use o f  t h e  h i g h  
temperature waste heat ,  are v e r y  a t t r a c t i v e  espe- 
c i a l l y  a t  t h e  es t imated  c a p i t a l  c o s t  and p r e d i c t e d  
C O E ' s .  But  t h e  MCFC system must overcome I t s  prob-  
lems w i t h  e l e c t r o l y t e  l o s s  and c o r r o s i o n ,  i n  add i -  
t i o n  t o  those problems c i t e d  I n  t h e  p r e v i o u s  
paragraph,  b e f o r e  c o m n e r c l a l l z a t l o n  p l a n s  a r e  on 
s o l i d  f o o t i n g .  And as was a l s o  b r i e f l y  d iscussed 
p r e v i o u s l y ,  t h e  SOFC system - which  i s  a s i m p l e r  
system t h a n  t h e  HCFC system - has many b a w l e r s  t o  
overcome b e f o r e  i t  can be conf i rmed t h a t  I t  has n o t  
o n l y  caught  up t o  t h e  schedu le  o f  t h e  HCFC system, 
b u t  i s  " b r e a t h i n g  down t h e  c o m p e t i t i v e  neck' o f  t h e  
PAFC system as West inghouse 's  p r e d i c t i o n  o f  e a r l y  
1990 SOFC c o m n e r c l a l i z a t l o n  i m p l i e s .  
S t a t u s  o f  SupDor t inq  Advanced Research and 
Techno1 ogy 
I n  t h e  1980 's .  t h e  DOE/NASA PAFC AR and TD 
program, t h e  l a r g e s t  U.S. e f f o r t  by  f a r  (compared 
w i t h  t h a t  o f  E P R I  and GRI) was focused t o  c l e a r l y  
address t e c h n i c a l  i s s u e s  t h a t  suppor t  t h e  l a r g e  
PAFC techno logy  development p r o j e c t s  o f  IFC, West- 
inghouse,  and Engelhard.  Consequently, research  
e f f o r t s  were focused by Glner ,  I n c . ,  S t o n e h a r t ,  
ECO,  Lawrence Berke ley  Labora tory ,  and Los Alamos 
Na t i ona 1 La bora t o r y  on e 1 ec  t roca t a  1 ys t s  ( p r i  mar i 1 y 
P t  a l l o y s ) ,  c a t a l y s t  suppor t  c o r r o s i o n  r e s i s t a n c e ,  
and e l e c t r o d e  s t r u c t u r e .  Whi le  much o f  t h i s  AR and 
T D  work has ended, techno logy  development on carbon 
components by Great  Lakes Research C o r p o r a t i o n  ( i n  
c o o p e r a t i o n  w i t h  an E P R I  c o n t r a c t  w i t h  GLRC) i s  
s t i l l  a c t i v e .  I n  a d d i t i o n ,  f u e l  c e l l  m o d e l l l n g  and 
a n a l y s i s  suppor t  work, i n c l u d i n g  Coal Gasl f ier /PAFC 
Powerp lant  s t u d i e s ,  a r e  b e i n g  c a r r i e d  o u t  a t  NASA 
Lewis ( w i t h  t h e  suppor t  o f  C leve land S t a t e  
U n i v e r s i t y ) .  
I n  1987, Congress reduced t h e  AR and TO budget 
f o r  PAFC t o  zero because i t  b e l i e v e d  t h a t  t h e  PAFC 
system had a l r e a d y  been c o m e r c l a l i z e d ,  and t h u s  
war ran ted  no f u r t h e r  AR and TD s u p p o r t .  T h i s  p o s i -  
t i o n  i s  c o n t r a r y  t o  t h e  m i l l i o n s  i n  government 
funds t h a t  had been spent  t o  suppor t  t e c h n o l o g y  
l o n g  a f t e r  i n i t i a l  c o m n e r c l a l i z a t l o n ;  t h e  comner- 
c i a 1  aerospace i n d u s t r y  I s  a good example. Cur- 
r e n t l y ,  DOE PAFC AR and TO e f f o r t s  a r e  suppor ted  
e i t h e r  by  p r e v i o u s  year  c a r r y o v e r  funds or by sub- 
c o n t r a c t s  t o  t h e  l a r g e  PAFC techno logy  development 
c o n t r a c t s .  To t r y  t o  change t h i s  s i t u a t i o n ,  a DOE 
p o s i t i o n  paper  ( 2 )  has been prepared f o r  Congress 
recomnending t h a t  a PAFC b a s i c  techno logy  program 
be suppor ted i n  t h e  coming years .  
Work c a r r i e d  on under  t h e  DOE AR and TD h i g h  
tempera ture  f u e l  c e l l  budget  I s  l a r g e l y  d i r e c t e d  
a t  m a t e r i a l s  research  a t  Westinghouse. ANL, and a t  
s m a l l e r  l a b o r a t o r i e s .  I n  a d d i t i o n ,  ANL and NASA 
Lewis a r e  a l s o  c o n d u c t i n g  systems analyses o f  h i g h  
tempera ture  f u e l  c e l l  systems. EPRI and G R I  a r e  
a l s o  s u p p o r t i n g  some h i g h  tempera ture  f u e l  c e l l  AR 
and TO as w e l l  as t h e  m a j o r  techno logy  development 
e f f o r t s .  
PAFC Technoloqy Development Outs ide  t h e  U.S.A.  
PAFC RbD i n  Japan I s  b e i n g  c a r r i e d  o u t  b o t h  
under government ausp ices  (NEDO) as a n a t i o n a l  p ro-  
j e c t  (as  p a r t  o f  t h e  ' H o o n l i g h t  P r o j e c t '  s t a r t i n g  
i n  1981) and under  p r i v a t e  ausp ices .  A t  t h i s  w r i t -  
i n g .  t h e  two 1 mW demonst ra t ion  t e s t s ,  one a d i s -  
persed PAFC g e n e r a t o r ,  t h e  o t h e r  a c e n t r a l  s t a t i o n  
g e n e r a t o r ,  a r e  p r o g r e s s i n g  as p lanned.  It i s  n o t  
s u r p r i s i n g  t h a t  so much o f  t h e  Japanese PAFC tech-  
no logy  resembles t h a t  o f  t h e  U.S. PAFC deve lopers .  
That ,  f o r  example, of Sanyo i s  done under  l i c e n s e  
t o  ERC.  A most i n t e r e s t i n g  case I s  t h a t  o f  
Toshiba.  Toshiba is w o r k i n g  on PAFC b o t h  under  t h e  
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H o o n l l g h t  P r o j e c t  and I n  t h e  I F C  j o l n t  venture w i t h  
UTC. However, under  t h e  terms o f  b o t h  agreements, 
t h e  Toshlba e f f o r t  f o r  NED0 and t h e  Toshlba-IFC 
j o i n t  ven ture  a r e  c o m p l e t e l y  Independent. 
High tempera ture  f u e l  c e l l  work i n  Japan under  
t h e  Moon l igh t  P r o j e c t  I s  cen tered  on technology 
development o f  10 kW HCFCs. However, some Japanese 
i n d u s t r i a l  f i r m s  w i l l  be e v a l u a t l n g  SOFC generators 
s u p p l i e d  by Westinghouse. 
The European f u e l  c e l l  RbD e f f o r t s  ( I n  
Germany, Sweden, France, and t h e  USSR) had been 
s t r o n g l y  focused on a l k a l i n e  f u e l  c e l l s .  Recent ly,  
a renewed i n t e r e s t  i n  t h e  HCFC system has occurred 
I n  t h e  Nether lands .  The I t a l l a n s  have a l s o  shown 
i n t e r e s t  i n  t h e  HCFC as w e l l  a s  i n  t h e  PAFC sys -  
tems. Thr Dutch HCFC program I s  a s l g n l f l c a n t  
3-year e f f o r t  ($EM i n  c o o p e r a t i o n  w l t h  I G T ,  I I T .  
and E P R I )  c u l m l n a t l n g  I n  t h e  t e s t t n g  o f  a 1 kW 
stack i n  1989. However, p l a n s  e x i s t  f o r  a 2-year 
e x t e n s l o n  t o  t h e  100 kW s i z e  MCFC s t a c k .  
Conc 1 ud lng  Remarks 
The bo t tom l i n e  o f  a c o m n e r c i a l l z a t i o n  e f f o r t  
I s  " w l l l  I t  s e l l ? "  The r e s u l t s  o f  t he  f i r s t  phase 
o f  t h e  new PAFC j o l n t  ven ture  ( IFC) ,  i n  whlch u t i l -  
i t i e s  a r e  t o  purchase and t e s t  11 mW e a r l y  comner- 
c i a 1  p r o t o t y p e s ,  should t e l l  us a g r e a t  d e a l  b e f o r e  
t o o  long.  I n  o t h e r  words, t h e  e l e c t r l c  u t l l l t l e s  
w i l l  be a b l e  t o  de termlne what a f u e l  c e l l  power- 
p l a n t  r e a l l y  means t o  them. 
t e x t ,  o t h e r s  (3-6) t h a t  should be o f  I n t e r e s t  t o  
t h e  r e a d e r  a r e  a l s o  i n c l u d e d .  
I n  a d d l t l o n  t o  t h e  r e f e r e n c e s  c i t e d  I n  the 
1 .  P ns. C.K.. L 
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6. Abstract 
This paper tells us where we are in the cannercial development of fuel cells, where we are headed, 
and, in the author's opinion, how and when we are going to get there. The paper focuses primarily 
on the status of the development of cannercial Phosphoric Acid Fuel Cell (PAFC) powerplant systems 
because the PAFC, which has undergone extensive development (both in.and outside the USA), is cur- 
rently the closest fuel cell system to cannercialization. Shorter discussions are included on the 
Fuel high Cel tT (KFC) and the Solid Oxide Fuel Cell (SOFC)). The alkaline and the Solid Polymer Electr* 
lyte (SPE) fuel cell systems, are also included, but the discussions are limited to their prospects 
for cmrcial developme?t. 
important space applications there are no cannercial development programs of significant s!ze in the 
USA and on1 ma11 efforts outside the USA. 
similar. TKe bottom line of a cmrcialization effort is "will it sell? The results of the first 
phase of the new joint venture between United Technologies Corporation (UTC) of the USA and Toshiba 
of Japan (called International Fuel Cells Corporation, IFC) should tell us a great deal by the early 
1990s. 
bought and evaluated by a n d r  of utility consortia) will reveal what the PAFC powerplant really 
means to them. Further, the success or failure of this PAFC venture will greatly impact the canner- 
cialitation of fuel cell powe lants of glJ types. 
important PAFC activity is the upcoming evaluation by many utilities of the IFC 1 1  Rw PAFC pawer- 
plant. 
Corporation PAFC cannercial development as it is for the IFC PAFC c m r c i a l  development. The 
marketplace for fuel cells (utility multimegawatt and-multikilowatt (including congeneration); 
on-site/integrated energy system multikilowatt; traction and transportation; and other applications) 
and the status of fuel cell programs in the USA receive extensive treatment. 
outside the USA, especially the large Japanese progrm, are also discussed. 
rature fuel cell systems which are not as mature in their development (the Cklten Carbonate 
Currently, although the alkaline fuel cell continues-to be us+ for 
The story for the SPE c m r c i a l  development is very 
In other words, the electric uti!ities' response-to the IFC 1 1  Rw PAFC powerplant (to be 
Therefore, although sizable technology develop- 
v n t  efforts (which are +ri 'g, d in-this paper) are still going on in the PAFC programs, the most 
Furthermore, this initial market acceptance phase is as crucial for the Westinghouse Electric 
The fuel cell efforts 
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